I n previous communications I reported the results of an investigation on the bacterial agglutinins, precipitins (bacterial and albugineous) and hemagglutinating substances found in the sap of Cotyledon scheideckeri. The present paper deals with the hemolysins which I have discovered in the sap of this plant.
2 cc. of sap in a 1 : 10 dilution were mixed with 0.5 cc. of a 10 per cent suspension of sheep erythrocytes in isotonic salt solution (0.85 per cent) and were left for ½ hour at 37°C. The mixture was then thoroughly shaken, whether agglutination was observed or not, and was again left at 37°C. for ½ hour. The result is given in Table I.  TABLE I. No. of plant. Slight.
* The three degrees of hemolysis correspond to the intensity of coloration due to hemoglobin: strong, present, and slight.
T h e experiments show (Table I ) t h a t hemolysis is observed only in sap t h a t contains hemagglutinins; when the Cotyledon sap is deprived of hemagglutinins it does not possess hemolysins. Moreover, complete 669 hemolysis never appears in C o t y l e d o n saps, and the hemolytic power is measured by the intensity of color of the liquid covering the erythrocytes. According to yon Liebermann, ricin also never gives complete hemolysis. The experiment can be performed with ordinary test-tubes, but I used centrifuge tubes as they permit a more rapid procedure, and I submitted the suspension to centrifuging after ½ hour at 37 ° . It has been stated that the agglutinated erythrocytes were thoroughly shaken in C o t y l e d o n sap; and the agglutinated clot again furnished a homogeneous suspension, at least macroscopically homogeneous. This restoration of the original suspension is necessary in order to obtain hemolysis, as is shown in the following experiment.
2 cc. of sap in a 1 : 10 dilution were mixed with 0.5 cc. of a 10 per cent suspension of sheep erythrocytes and left at 37 ° for ½ hour. After ½ hour the tubes with the saps containing hemagglutinins were left at 37 ° for 2 hours, without shaking the agglutinated erythrocytes (Table II) . No. of plant.
Date of collecting leaves. Hemolysis. The comparison of these results with the corresponding results in Table I proves that we cannot obtain hemolysis without thoroughly shaking the agglutinated erythrocytes.
Ehrlich and Baumgarten, cited by Fraenkel, observed similar phenomena with ricin. Von Liebermann, in his study of hemolysis in ricin, also shook the agglutinated corpuscles. Fraenkel does not consider this absolutely necessary, having observed that ricin in large amounts is able to dissolve red corpuscles directly.
Ehrlich calls attention to the fact that agglutination considerably reduced the superficies of the erythrocytes accessible to the action of the surrounding fluid and thus prevents hemolysis in the sap.
I have previously shown that the bacterial agglutiuins, precipitins, and hemagglutinins of Cotyledon c~m be bound by corresponding antigens. This is also the case with the hemolysins of Cotyledon scheideckeri. The results (Table III) show that hernolysins of vegetable sap can be bound with erythrocytes; after fixation the hemolysis can take place not only in the sap of plants, but also in isotonic salt solution.
In the latter case the hemolytic power remains the same (Table IV) ; neither in the sap nor in the isotonic salt solution do we obtain complete hemolysis, though further observations still showed that hemolysins were present in the vegetable sap after the binding of a part of the hernolysins by a suspension of erythrocytes (Table VI) . Hemolysis.
In vegetable sap.
Strong.
¢~ ~c
In isotonic salt solution.
Strong. gc H E M O L Y S I N S OF V E G E T A B L E O R I G I N
Moreover, a comparison of Tables I I I and V shows t h a t the hemolytic power of the red cells which had bound the Cotyledon hemolysin does not increase even when they are introduced into fresh sap containing the original quantity of hemolysins.
2 cc. of sap in a 1:10 dilution were mixed with 0.5 cc. of a 10 per cent suspension of sheep corpuscles (0.05 cc. of sediment) and left at 37 ° for ½ hour; the mixture was centrifuged, the sap decanted, the corpuscles and the inner surface of the tube were washed three times with isotonic salt solution; 2 cc. of fresh vegetable sap of the same plant were introduced into the tube, the erythrocytes were thoroughly shaken, and the mixture was left again at 37 ° for ½ hour. Strong.
Present.
Strong. Slight.
The last two experiments led to the conclusion t h a t either a definite quantity of red cells is able to bind only a quantity of hemolysins which is insufficient for complete hemolysis, or that the red cells are so modified during the process of binding the hemolysins by other substances contained in the sap and also by the red cells themselves t h a t they can no longer be completely hemolyzed.
I shall return to this question after describing a series of related experiments. I t seemed i m p o r t a n t to determine whether the sap possessed free hemolysins after being incubated for ½ hour at 37 ° with the 0.5 cc. of a~ 10 per cent suspension of erythrocytes remaining in the sap; in other words, how much hemolysin, measured by the a m o u n t of hemolyzed erythrocytes, was contained in the sap of each plant? 2 cc. of sap in a 1 : 10 dilution were mixed with 0.5 cc. of a 10 per cent suspension of sheep corpuscles, left for ½ hour at 37 °, and then centrifuged; the corpuscles recovered from the sap were washed three times with isotonic salt solution, and tested for hemolysis for ½ hour at 37 ° in 2 cc. of salt solution; the decanted sap was again mixed with fresh erythrocytes (0.5 cc. of a 10 per cent suspension) and left in the thermostat for ½ hour. This was repeated as long as the erythrocytes extracted hemolysin from the vegetable sap, and consequently were undergoing hemolysis in 2 cc. of isotonic salt solution (Table VI) . The experiments of Table VI show that 0.5 cc. of a 10 per cent suspension of sheep corpuscles is unable to bind the total amount of hemolysin contained in the sap.
Moreover, the amount of hemolysins found in the sap of different plants is subject to the same fluctuations as that of bacterial agglutinins, precipitins, and hemagglutinins (Table VI) .
Fraenkel and yon Liebermann showed that the hemolytic power of ricin increased in proportion to the quantity of this phytalbumin. These authors disagree only as to the question of the limit of this power; while Fraenkel succeeded in obtaining complete hemolysis, yon Liebermann never observed it. 
H E M O L Y S I N S O F V E G E T A B L E O R I G I N
The experiments described above prove t h a t the presence of superfluous hemolysins in Cotyledon sap has no influence upon the intensity of hemolysis and never produces the total dissolution of the red cells. Table V I I gives the experiments undertaken in order to observe the hemolytic processes in undissolved Cotyledon sap, of course possessing far greater quantities of hemolysins t h a n the 1 : 1 0 dilutions used for the preceding experiments.
The procedure was the same as in the experiments given in Table  I , except t h a t a 5 per cent suspension of sheep red cells was used in addition to the 10 per cent suspension. Complete hemolysis was not observed.
Like the bacterial agglutinins, precipitins, and hemagglutinins already described, the Cotyledon hemolysins possess a strong avidity for red cells (Table V I I I ) and cannot be separated from t h e m after 1 hour either at 45 ° or 75 °.
0.5 cc. of a 10 per cent suspension of sheep corpuscles was mixed with 2 cc. of sap in a 1:10 dilution and left at 37 ° for ½ hour; the sap was decanted, the erythrocytes and the inner surface of the tube were washed three times with isotonic salt solution, then 3 cc. of isotonic salt so]ution were added to the corpuscles, and the liquid was shaken and centrifuged. 1 cc. of salt solution taken after centrifuging, and consequently colored from hemolysis, did not produce hemolysis with 0.5 cc. of a 5 per cent suspension of fresh erythrocytes. It was superfluous, therefore, to wash the red cells again, which had bound the hemolysin. The cells left in the tube in 2 cc. of salt solution were shaken and heated for 1 hour at 45 ° and 75 ° , then rapidly centrifuged in the heated tubes: the salt solution was decanted and its hemolytic power was tried against fresh sheep cells, as in the experiments of Table I . Table I X shows that hemolysis can be obtained not only at 37 ° but also at room temperature after binding the hemolysins with the erythrocytes. Strong.
cg Present.
Slight.
It has already been mentioned in connection with Table VI that saps of different plants possess different quantities of hemolyslns, and this is true of all other antibodies. The same method was applied to the experiments of Table X which had been used to determine the quantities of bacterial agglutinins, precipitins, and hemagglutinins in Cotyledon sap. Solutions of the sap were prepared and the final quantity of sap that no longer contained hemolysins was observed. The method was like that described in Table III .
The next problem was to determine the influence of high temperatures upon Cotyledon hemolysins. The sap of each plant was heated to temperatures of 90 °, 100 °, 120 °, 134 °, and 144 ° for 1 hour; it was then faltered, and the experiment witll the heated sap was conducted in the way described in the protocol of Table III . Table XI represents not only the influence of high temperatures upon hemolysins, but also upon hemagglutinins.
The thermostability of the hemolysins varies in different plants,
like that of the other antibodies in Cotyledon sap.
The suppression of the hemolytic properties at a certain temperature and their reappearance at higher ones such as 134 ° and 144 ° (Nos. 18, February 25; 19, February 25 and March 6; 20, February 25 and March 6; and 15, March 6) is a phenomenon of particular interest.
A similar fact has been described by Landsteiner and von Rauchenbichler in regard to staphylococcal hemolysins which recover their activity at 100 ° after inactivation at 65 °. Landsteiner explains this by assuming that at 65 ° the hemotoxin is bound with other substances contained in the filtrate of staphylococcal cultures, and at 100 ° the hemotoxin is again free. We may apply this explanation to the analogous phenomenon in Cotyledon sap.
The reappearance of the hemolytic properties at higher temperatures after apparent inactivity makes it seem possible that still higher temperatures, which for practical reasons could not be applied, would again deliver the bound hemolysins.
We must also take into consideration the fact that the sap which recovers its hemolytic power after a temporary inactivity is able to cause complete hemolysis of sheep red corpuscles, and that the quantity of the hemolysin of sap which can be bound by the erythrocytes is sufficient for a total dissolution of the latter; if, nevertheless, we do not observe complete hemolysis, we may suppose that the quantity of hemolysins in question, instead of being directly bound with the erythrocytes, is bound with some other substance contained in Cotyledon sap and bound with the erythrocytes through its second receptor, in many saps temperatures of 134 ° and 144 ° destroy this unknown substance and thus set free a part of the hemolysins; these hemolysins added to those that are bound with the erythrocytes directly are now able to cause complete hemolysis. At the same time this unknown substance, or perhaps another one destroyed at similar temperatures, modifies the erythrocytes to such an extent that it is impossible to dissolve them completely even in distilled water (Table XII) . On this account we must conclude that the absence of complete hemolysis in the experiments described above is due to some substance destroyed in many saps at the temperatures of 134 ° and 144 ° , thus preventing the appearance of complete hemolysis either by binding a part of the hemolysins needed for complete hemolysis, or by a reversible alteration of the erythrocytes so as to make them inaccessible to the action of any other hemolytic agents, and of the part of hemolysins directly bound with the red cells, which perhaps would be sufficient by itself to hemolyze the red cells completely. In order to test the hemolytic power of distilled water against sheep red corpuscles, I proceeded as in the experiments described in Table  III ; but distilled water was used for washing the tube and the erythrocytes, and the latter were shaken in distilled water. Both the experiment and the control were made with 0.5 cc. of a 5 per cent suspension of sheep corpuscles and 4.5 cc. of distilled water.
The experiments of Table X I I I show the hemolytic power of Cotyledon sap against the red cells of the sheep, horsei goose, and frog.
The procedure was the same as in the experiments of Table III. Thus Cotyledon sap hemolyzes erythrocytes of different species of vertebrates. C¢ CC * The hemolysis of frog erythrocytes takes place slowly and repeated shaking is necessary. The binding of hemolysin also proceeds slowly; it is better to prolong it for 1 hour instead of ½ hour.
The next problem was to establish the relation between hemolysins on the one hand and bacterial agglutinins, precipitins, and hemagglutinins of Cotyledon scheideckeri on the other. Tables I and II show that the vegetable sap contains hemolysins only when it contains hemagglutinins, or, according to former studies, when it possesses antibodies in general. Table XIV shows that whenever the hernagglutinins are extracted from the sap the hemolysins simultaneously disappear.
The experiments in
2 cc. of sap were freed of hemagglutinins by fractional addition of different quantities of a 10 per cent suspension of sheep corpuscles and subsequent centrifugation and were mixed with 0.5 cc. of a 10 per cent suspension of sheep cells; the mixture was left for 2 hours at 37°; the cells were shaken every half hour. Hemagglutination.
B
The identity of hemagglutiuins and hemolysins is contradicted by the fact that the activity of hemagglutinins persists during the temporary inactivity of the hemolysins (Table XII) . The opposite phenomenon, t h a t vegetable sap retains its hemolytic properties in spite of the absence of hemagglutinins, seems to confirm the difference of these two elements, but it can be explained even without rejecting the theory of the identity of the processes of agglutination and hemolysis (held b y Ehrlich, Fraenkel, yon Liebermann): as to the substance preventing hemolysis which disappeared at high temperatures, we m a y assume t h a t the complete hemolysis we observe is due to some substance at once able to hemolyze and to agglutinate the red cells depending on various accessory conditions. At a n y rate it is impossible to affirm categorically the identity of the hemolysins and the hemagglutinins of Cotyledon scheideckeri; we can only establish the parallelism of their presence in the sap and their simultaneous extraction b y erythrocytes (Table XIV) .
Likewise, the hemolysins are extracted from Cotyledon sap together with bacterial agglutinins (Table X V I ) and precipitins (Table XV) .
The quantity of horse serum or bacterial mass (Bacillus typhi) necessary for the extraction of all precipitins or bacterial agglutinins from 2 cc. of sap in a 1 : 10 dilution was first determined. The previously ascertained quantity of serum (inactivated at 56 °) or of bacteria was then introduced into 2 cc. of fresh sap in a 1 : 10 dilution; after precipitation (30 minutes at room temperature) or agglutination (1 hour at 37 °) the mixture was centrifuged, the liquid decanted, and its hemolytic properties were tested as in the experiments of Table III . An experiment was done to control the complete absence of precipitins or agglutinins.
The experiments in Table X Horse serum inactivated for ½ hour at 56 ° was added to 2 cc. of sap in a 1:10 dilution; the mixture was shaken and 0.5 cc. of a 10 per cent suspension of sheep cells was added. After centrifuging for ½ hour at 37 ° the liquid was decanted, and the tube and the cells were washed with isotonic salt solution. The experiment was continued like those in Table III . Table I the results were the same.
The serum prevents hemolysis in vegetable sap; in these experiments the lack of parallelism between the hemolytic and hemagglutihating properties of the sap is also evident. The quantities of serum used for the experiment (0.01 to 0.002 cc.) deprived the sap of its hemolysins, b u t did not influence the activity of its hemagglutinins. (The lack of parallelism between hemolysis and hemagglutination in the experiments of Table X is also evident. The agglutination of erythrocytes often takes place in the absence of hemolysis.) Only large quantities of serum (0.1 cc.) destroy both these properties at once.
However, the serum prevents hemolysis only when it is introduced into the sap before the addition of erythrocytes. In all the experiments the serum produced precipitation; on this account we may assume that the hemolysins pass into the precipitate (Table XVII) . In this experiment the serum was introduced after the red cells; hemolysis went on normally, because the red cells had time enough to bind the hemolysin before the addition of serum (Table XVIII) . 0.5 cc. of a 10 per cent suspension of sheep cells was mixed with 1.9 cc. of sap; the mixture was shaken, immediately (20 to 40 seconds) afterwards serum was added, and the entire solution was shaken again. The mixture was left for hour at 37 °, and then centrifuged. The liquid was decanted, the inner surfaceof the tube and the red cells were washed with isotonic salt solution three times, and the experiment was continued like those of Table III . These experiments were conducted like those of Table III , but in this case serum was added to the mixture of erythrocytes (bound with hemolysins) and isotonic salt solution. The total quantity of liquid in the experiment was 2.5 cc. Table XlX shows that hemolysis was always observed.
A series of experiments was undertaken to determine the reciprocal relation of the vegetable hemolysins and the immune hemolytic amboceptor. 0.5 cc. of a 5 per cent suspension of sheep corpuscles was sensitized for 1 hour at 37 ° by 1 cc. of rabbit hemolytic amboceptor against sheep corpuscles containing three hemolytic doses. The total quantity of liquid was 2.5 cc. The mixture of erythrocytes and hemolytic serum was centrifuged, the liquid decanted, and the sensitized erythrocytes were washed three times with isotonic salt solution, mixed with 2 cc. of sap in a 1 : 10 dilution, and left for ½ hour at 37 °. Hemagglutination was always observed in the saps. The liquid was again decanted, the erythrocytes were washed, and the cells shaken in 2 cc. of salt solution, and left for ½ hour at 37 °.
No. of plant.
Date of collecting leaves. Hemolysis. The presence of hemolysis in the absence of complement (Table XX) indicates the following: either the Cotyledon hemolysins are bound by a group of erythrocytes different from the receptor bound with the hemolytic amboceptor, or the same receptor can be bound b y the vegetable hemolysin and the hemolytic amboceptor, yet the Cotyledon hemolysin possessing a greater avidity supplants the amboceptor. The experiments of Table X X I confirm the second hypothesis; the erythrocytes being bound with the vegetable hemolysins, they become inaccessible to the hemolytic amboceptor; the hemolysins of vegetable sap adhere to the erythrocytes because of their greater avidity.
The experiments were conducted like those of Table III , but in this case 1 cc. of hemolytic serum containing 3 hemolytic doses was added after the erythro-cytes were washed. The mixture was left for 1 hour at 37 ° and then centrifuged; the liquid was decanted and tested for the presence of the hemolytic amboceptor (1 cc. of liquid plus 0.5 cc. of a 5 per cent suspension of sheep corpuscles plus 1 cc. of guinea pig complement, left for 1 hour at 37 °) ; the erythrocytes were carefully washed and tested as in the experiments of Table III . Slight.
Total hemolysis.* ¢c ¢c * The control experiment proved that the quantity of hemolytic amboceptor left free after sensitizing erythrocytes not modified by sap was insignificant; in the presence of 0.1 cc. of complement it caused weak hemolysis with abundant precipitation of erythrocytes on the bottom of the tube. F u r t h e r experiments (Tables X X l I a n d XXIII) also confirm t h e hypothesis t h a t the same receptor forms the object of binding for the vegetable hemolysin as well as for the hemolytic a m b o c e p t o r , a n d t h a t in consequence the two hemolysins c a n n o t be b o u n d with t h e red cells simultaneously, because the hemolysin possessing a greater a v i d i t y leaves no place for the other one.
T h e experiments of Table X X I I prove t h a t the c o m p l e m e n t is unable to produce complete hemolysis of red cells sensitized b y the hemolytic a m b o c e p t o r and afterwards modified b y Cotyledon sap.
Experiments were conducted like those of Table XX; the sensitized red corpuscles were submitted to the action of Cotyledon sap, carefully washed, and thoroughly.mixed with 1 cc. of guinea pig complement in a dilution of 1: 10. This quantity of complement during ½ hour caused complete hemolysis of 0.5 cc. of a 5 per cent suspension of sheep corpuscles, in the presence of three hemolytic doses of amboceptor, the total quantity of liquid in the tube being 2.5 cc. The tube was then filled with isotonic salt solution until the quantity of liquid was 2.5 cc., and was left for ½ hour at 37 °. In the present case we must attribute the absence of complete hemolysis to the disappearance of the hemolytic amboceptor from the erythrocytes and not to the incapacity of the hemolytic system to dissolve completely the erythrocytes modified by the sap. This is proved by the fact that the complement is left free in the liquid (Table   XXlII) .
Experiments were conducted like those of Table XXlI, but in this case only 1 cc. of complement was added to the sensitized red cells altered b y the vegetable sap. T h e tube, not filled with salt solution, was shaken and left for { hour at 37 °. After centrifugation the liquid was decanted and tested in order to discover the presence of the complement (1 cc. of liquid plus 1 cc. of hemolytic serum in three doses plus 0.5 cc. of a 5 per cent suspension of erythrocytes). No. of plant.
9 10 11
Date of collecting leaves.
Feb. 4 " 4 " 4 ~c 4
Presence of complement in guinea pig serum after elimination of sensitized erythrocytes modified by Co~'¢ledon.
Total hemolysis.
The hemolysins like the bacterial agglutinins, precipifins, and hemagglutinins, were left when the sap, in a 1 : 10 dilution, was filtered in a Chamberland filter. These experiments were conducted with the sap of Plants 8, 18, 19, and 20, on February 25.
CONCLUSIONS.
1. The sap of Cotyledon scheideckeri possesses hemolysins for the red corpuscles of different animals.
